Abstract. The phenomenon of mirage effect suffered by a He-Ne laser beam has been utilized to detect phase transitions in solids. It 
The mirage technique which exploits the optical beam deflection due to a refractive index gradient was first introduced in the early 1980s (Boccara et al 1980) . It is currently used as a very effective tool for optical spectroscopy, thermal measurements and imaging in solids. A hot body heats up the surrounding medium so as to generate a refractive index gradient (RIG) directed away from its surface An optical beam @robe beam) propagating normal to the RIG and parallel to the hot surface suffers deflection from the original beam path (mirage effect). The amount of deflection is a function of the magnitude of the RIG in the vicinity of that surface and this in turn will depend on the various thermal parameters of the sample as well as the distance between the sample surface and the detector together with the relevant geometrical factors. The magnitude of the beam deflection can be measured using a position-sensitive detector (PSD).
To compute the thermal energy of a heated region by processing a detector signal, one has to correlate the temperature distribution of the investigated region with the optical beam propagation through the adjacent nonhomogeneous medium together with the detector response. Theoretical calculation of the probe beam deflection has been reported using a quadrant detector as the PSD (Jackson et al 1980) . In the present investigation an optical fibre coupled to an avalanche photodiode (APD) acts as the position-sensitive detector. Such detectors have been employed for damage threshold determination using the photothermal deflection tech- Figure 1 . Schematic diagram of the experimental set-up nique (PTD), for non-contact measurement of temperature and for flow velocity measurements (Rajasree et nf 1997, 1991, 1990) .
The schematic diagram of the experimental set-up is shown in figure 1 . A chopped laser beam with a Gaussian cross section ( F W H M = O . X~~~) from a stabilized 5mW He-Ne laser is made to pass, grazing the heated sample surface at a distance of 0.42 mm. The sample is enclosed in a chamber with appropriate windows to avoid air convection which may cause erratic fluctuations of the probe beam. The specimen in the form of a rectangular slab or a circular disc (of about 1 cm diameter) is kept lapped to a copper block which is heated by an electrical heating element attached to a temperature controller.
The PSD consists of a step-index multimode optical fibre with a core diameter of 80 pn (cladding 120 pm) with the polished tip coupled to an avalanche photodiode (Thorn EM1 Si APD type S30500) at the other end. A specially designed highly stable, ripple-free variable voltage (125-250 V DC) power supply is used to bias this detector so that it operates in the required unsaturated region of the operating characteristics of the APD. (The power supply uses electronic filtering which provides a high ripple rejection ratio of 94 dB.) The output of the APD is monitored across an appropriate load resistance using a digital AC voltmeter.
The fibre tip is mounted on an X Y Z translator.
Initially, at room temperature, the chopped probe beam is adjusted to fall on the polished tip of the fibre to get a maximum signal (uo) from the APD detector corresponding to the centre of the beam. As the sample surface is heated (at a rate of about 0S"C min-') the probe beam gets deflected and the PSD output (0,) is reduced. The difference (uo-uJ is taken as the deflection signal. The temperature of the heated surface is measured using a thermocouple. As the rate of heating is small, the lag in the thermocouple reading is not appreciable for thin samples. A data logger is used to print the signal levels at intervals of 0.5 s.
The above experimental set-up was used for the detection of phase transitions exhibited by solids. As the thermal properties of the sample undergo drastic variation at the phase transition temperature, phase transition is bound to affect the deflection signal in a measurable way due to the consequential changes pro- process will result in temperature fluctuations of the sample surface which affect the RIG in the adjacent gas (air) medium. A similar phenomenon has been observed in the case of light scattering from solids near critical temperature (Fleury and Lyons 1983). Solid samples which do not exhibit any phase transition did not exhibit any fluctuation in the signal amplitude in this temperature region. Figure 3(a) and (b) show the plot of mean square deviation of the signal against temperature for TGS and BaTiO, respectively. The mean square values of the signal fluctuations exhibit a clear peak near the phase transition temperature. The hysteresis phenomenon, which is typical for most ferroelectric crystals, is also observed on cooling the heated sample. The transition temperatures of the TGS crystal and BaTiO, measured using the present technique are found to agree with those reported earlier (Seo et al 1990 , Kittel 1971 .
In the present experimental set-up, apart from signal fluctuations due to sample properties above ambient temperature, thermal fluctuations due to Bernard convection type instability (Haken 1978) may also induce similar fluctuations. However, the latter type of fluctuations will appear as a background to the largeamplitude fluctuations arising due to phase transitions. This is clear from figures 2(a) and (b) where above and 
